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Abstract 
The objective of this paper is to report some findings on the saturation flow rates at signalized intersection in China. Based on 
the surveyed data and codes of traffic planning and design for urban roads, the base conditions are determined and the base 
saturation flow rate of 1800PC per hour per lane is suggested. The influence of traffic composition, lane width and approach 
grade on saturation flow rates is studied. The PCE (passenger car equivalents) for passenger car, buses and motorcycles are 
developed and the adjustment factors for lane width and approach grade are suggested. It is found that lane width and turn radius 
have significant effect on the capacity of left-turn lane. Using the PLS (partial least-square method) method, an equation was 
regressed and also the adjustment factors for lane width and turn radius are developed.  
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1. Introduction 
The Chapter 16 of the 2000 Highway Capacity Manual (HCM) (13) provides the procedure and equation for 
estimating saturation flow rate at signalized intersections. However, due to the difference in roadway conditions, 
transportation conditions, the drivers’ behavior and cultures etc, the method provided by HCM is not applicable in 
China to estimate the saturation flow rate. It was found that the base condition suggested by the HCM are not 
suitable in China and default saturation flow rate of 1900PC per hour per lane suggested in HCM is much higher 
than the value obtained from the surveyed data; and that the adjustment factors are not proper to be applied in China 
too. Furthermore, there is no one manual alike the Highway Capacity Manual 2000 based on the conditions of urban 
road and transportation in China which can be applied in practice. In order to meet the need of practice, a project 
aiming at developing the framework of urban road capacity manual was set up in 2007 by the support of Ministry of 
housing and urban-rural development of the People’s Republic of China. The study on the capacity of signalized 
intersection is one part of the project. 
The objective of this paper is to report some findings of the project, especially about the saturation flow rates and 
some factors such as traffic composition, lane width, approach grade and turn radius influencing on the capacity of 
signalized intersections.   
2. Methodology 
The method used in this study is similar with the procedure presented in the Chapter 16 of the 2000 Highway 
Capacity Manual (13). At first, the base conditions for signalized intersection are determined referred to the code for 
design of urban roads and HCM (13). On the base conditions, the traffic data at signalized intersection were 
collected and the base saturation flow rates are estimated. Compared with the traffic operational parameters such as 
saturation time headway and saturation flow rate on base conditions, the signalized intersection capacity influence 
factors such as traffic composition, lane width, approach grade are analyzed. But differed to the HCM(13), the base 
conditions and saturation flow rate influence factors for through lane group and exclusive left-turn lane group are 
studied respectively due to the fact that there are some operational differences between these two movements. 
Using the data observed on the base condition, the base saturation flow rates are estimated. For the saturation 
flow rate influence factors, only the traffic composition (which effect can be quantified by the passenger car 
equivalents (PCE)), lane width, approach grade and turn radius are studied in this paper. The passenger car 
equivalents are computed suing the time headway ratio method. The effects of lane width, approach grade and turn 
radius on the saturation flow rates are analyzed using regression method. In order to eliminate the estimate error 
interaction, the effect of influence factors on capacity was mostly studied one by one. Hence, for each influence 
factor, the saturation flow rate model was developed and compared to the base saturation. 
3. Data collection and data analysis 
The filed data were collected in 18 cities by video cameras and field measurement method. In order to analyze 
various factors effect on the capacity of the signalized intersections, the geometric, traffic, signal control and 
environmental data were collected. Geometric data include lane width, total number of lanes in each approach, 
number of right-turn lanes, number of left-turn lanes, approach grade, turn radius. Traffic data include traffic 
composition, vehicle type, time headway for each vehicle traversing the intersection, speed limit, the bicycle 
volume, pedestrian volume. Signal control strategy includes cycle time, phase time. Environmental data include city 
population, the city location in the China administrative territory, the intersection environment (central business or 
non-central business) and parking conditions.  
Traffic data were collected by video cameras and field measurement method. Through the videotaping, the time 
for each vehicle rear bumper passing the stop line is recorded and the time headway is calculated. In this study, the 
vehicles are classified into three types: small (passenger car), median and big vehicle (mainly refereed to the buses). 
Table 1 listed the criteria of the vehicle classification which is used widely in China. According to this classification, 
there are nine kinds of combination of time headway such as: small vehicle followed by small vehicle, small vehicle 
followed by median vehicle, small vehicle followed by big vehicle, median vehicle followed by small vehicle, 
median vehicle followed by median vehicle, median vehicle followed by big vehicle, big vehicle followed by small 
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vehicle, big vehicle followed by small vehicle and big vehicle followed by big vehicle. These nine kinds of time 
headway data are recorded respectively. In addition, in some cities, there are a lot of motorcycles. The time 
headways for motorcycles were recorded too.  
Table.1 Vehicle classification at signalized intersections
Physical parameters 
Vehicle type 
Small vehicle Median vehicle Big vehicle 
Length (meter) <6.0 6.0~9.0 9.0~12.0 
Overall weight (ton) <4.0 4.0~11.0 11.0~16.0 
Prior to this study, the statistical analysis of time headways is carried out and it is found that after the first five 
vehicles in the platoon for each signal cycle, the effect of the start-up reaction and acceleration has dissipated (5, 12). 
In order to eliminate the effect of star-up and acceleration on the saturation flow rate, the first five time headways in 
each signal cycle are removed from the data. Also, data which are apparently anomalous due to the drivers are in 
distracted attention that causes the headway exceeded the normal ranges are eliminated (12). In addition, the signal 
cycle in which vehicles were seriously disturbed by pedestrians or bicycles is not included. 
Using the statistical method of ANOVA (12), the time headways were analyzed and it is found that there are no 
significant differences for the small vehicle followed by small vehicle, small vehicle followed by median vehicle, 
small vehicle followed by big vehicle. The same conclusion can be made to the cases of median vehicle followed by 
small vehicle, median vehicle followed by median vehicle, median vehicle followed by big vehicle and the cases of 
big vehicle followed by small vehicle, big vehicle followed by small vehicle and big vehicle followed by big 
vehicle. So time headways are simply classified into three types according to the following vehicle type as: small, 
median and big. This finding is consistent with exiting results (1, 9, 16). 
4. Saturation Flow rate at signalized intersections
4.1 Base conditions for signalized intersections
In order to estimate the saturation flow rate and to determine the adjustment factors, the base condition was firstly 
determined. In China, there are national and local criterions on road planning and design (2, 6, 10, 14). For example, 
Beijing, Shanghai Wuhan and Chongqing etc., each city has their own code for traffic planning and design of urban 
roads. In these codes, the recommended standard lane width at signalized intersection is 3.5 meters. This is not 
consistent with the HCM (13) about the definition of standard lane width. Also, it is found that the dominating 
vehicle type in the urban roads is the passenger car in China. Therefore, in order to meet the situation of China, the 
base conditions defined in HCM (13) are modified as: 
(1) Lane widths of 3.5 m, 
(2) Level grade, 
(3) No curb parking on the approaches, 
(4) Only passenger cars in the traffic stream, 
(5) No local transit buses stopping in the travel lanes, 
(6) Intersection located in a non-central business district area, and 
(7) No pedestrians and bicycles. 
In addition, it is necessary to note that the base conditions for the signalized intersections are mainly defined for 
the through lane group because the turn radius are not taken into account. However, the effect of the turn radius has 
a great effect on the capacity of the exclusive turn lane when the turn radius is less than 45 meters in real-life 
situation. Therefore, in this study, it is suggested that the above mentioned conditions should be defined as the base 
conditions for through lane group and that an additional item ( the turn radius is no less than 45 meters) should be 
added into the base conditions for the exclusive turn lane group (such as exclusive left-turn lane, exclusive dual left-
turn lane, right-turn lane). 
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4.2 saturation flow rate on base conditions  
The saturation flow rate on base conditions is the basis of estimation of capacity at signalized intersections. 
However, due to the complexity of the traffic and road conditions, the base saturation flow rate can not be observed 
directly and only can be estimated by using the field data collected on the conditions which are close to the base 
conditions.   












Where, S =saturation flow rate, passenger car/h/lane; 
h =average time headway in platoon, s; 
ijh =the time headway for the vehicle crossing the stop line in platoon in the jth signal cycle, s; 
m =the number of observed vehicles in on e cycle; 
k =the number of observed signal cycles. 
Among the surveyed signalized intersections, 13 intersections meet the base conditions and were selected to 
estimate the base saturation flow rates. Table 2 lists the statistical results of saturation time headways and saturation 
flow rates. The computed average of time headway is 2.03 s, and the average saturation flow rate is 1773 pc/h/lane. 
Thus the base saturation flow rate is suggested as 1800 pc/h/lane for the through lane. 
The saturation time headways and flow rates for left-turn lanes are also estimated. But due to the fact that the 
saturation flow rates are affected by the turn-radius, they will be discussed in the latter section of this paper. 
Table 2 statistical result of saturation time headways and saturation flow rates
Signalized  
intersection 
Statistics of time headway and saturation flow rates 
Sample size Mean value of time headway, s Std. Error 
Saturation flow rate 
˄PC/h/lane˅
1 150 1.99 0.88 1809 
2 216 2.04 0.53 1762 
3 342 2.05 0.60 1754 
4 176 2.06 0.58 1746 
5 114 2.06 0.74 1747 
6 130 1.91 0.52 1882 
7 102 1.96 0.57 1841 
8 117 2.03 0.70 1773 
9 957 2.04 0.76 1765 
10 762 2.02 0.48 1782 
11 1212 2.14 0.59 1682 
12 1248 2.11 0.88 1706 
13 779 2.00 0.69 1800 
Average - 2.03 - 1773 
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4.3 Passenger car equivalent (PCE)  
In order to analyze the influence of the traffic composition on the capacity, the passenger car equivalents (PCE) 
at signalized intersections are computed. Although, in big cities such as in Beijing and Shanghai, the motorcycles 
are prohibited, but in some cities, there are still a lot of motorcycles. So, the passenger car equivalent for motorcycle 





PCE =                                                                                                                                 (3) 
Where, ih =the average time headway for the vehicle type i  crossing the stop line in platoon, s; 
bh =the average time headway for the passenger car crossing the stop line in platoon, s. 
Based on the surveyed data, the passenger car equivalents are computed for each signalized intersections. Table 3 
just listed the statistical results of time headway for different vehicle type and the PCE for the through lane at 
signalized intersections. In the last two rows of the table 3, the motorcycle time headway and PCE are listed. Table 4 
is the result of time headway for different vehicle type and the PCE for the right and left-turn lane at signalized 
intersections. 
Table 3. Statistical result of time headway and PCE for through lanes
Signalized 
intersection 
Vehicle type Sample size time headway mean, s Std. Error PCE 
A 
Small 957 2.04 0.75 1.00 
Median 231 2.61 0.89 1.28 
Big 107 3.58 1.07 1.76 
B 
Small 762 2.02 0.51 1.00 
Median 221 2.57 0.65 1.18 
Big 191 3.69 0.76 1.67 
C 
Small 1348 2.11 0.48 1.00 
Median 232 2.61 0.58 1.27 
Big 203 3.64 1.27 1.82 
D 
Small 860 2.17 0.59 1.00 
Median 240 2.57 0.44 1.21 
Big 188 3.64 1.03 1.67 
E 
Small  1212 2.14 0.68 1.00 
Median 263 2.59 1.01 1.24 
Big 213 3.58 1.12 1.72 
F 
Small  779 2.01 0.69 1.00 
Median 240 2.61 0.88 1.30 
Big 191 3.6 1.08 1.79 
Signalized  
intersection 
Vehicle type Sample size Mean value Std. Error PCE 
G Small  722 1.97 0.59 1.00 
motorcycle 140 1.17 0.41 0.59 
Big 65 3.64 0.97 1.85 
H Small  503 1.95 0.59 1.00 
motorcycle 89 1.09 0.39 0.56 
Big 67 3.65 1.18 1.87 
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Vehicle type Sample size Mean value Std. Error PCE 
A 
Small 671 2.22 0.55 1.00  
Median 218 2.89 0.71 1.30  
Big 151 3.97 0.77 1.79  
B 
Small 497 2.34 0.83 1.00  
Median 176 3.22 0.81 1.38  
Big 177 4.33 0.7 1.85  
C 
Small 798 2.22 0.86 1.00  
Median 228 2.91 0.51 1.31  
Big 155 3.98 0.24 1.79  
D 
Small 514 2.23 0.84 1.00  
Median 213 2.97 0.65 1.33  
Big 137 4.16 0.73 1.87  
right-turn time headway 
Signalized 
intersection 
Vehicle type Sample size Mean value Std. Error PCE 
A 
Small 622 2.28 0.47 1.00  
Median 142 3.23 0.46 1.42  
Big 123 4.77 0.79 2.09  
B 
Small 562 2.29 0.53 1.00  
Median 152 3.28 0.59 1.43  
Big 163 4.61 0.99 2.01  
C 
Small 622 2.30 0.57 1.00  
Median 147 3.28 0.55 1.43  
Big 140 4.62 0.66 2.01  
D 
Small 581 2.34 0.69 1.00  
Median 243 3.34 0.58 1.43  
Big 231 4.53 0.80 1.94  
From table 3 and table 4, it can be found that there are significant differences in the saturation time headway for 
different movements. For example, to the small vehicles, the mean of time headway is about 2.03 s, 2.25 s and 2.30 
s for through lane, left-turn and right-turn lane respectively. Also, this feature can be found from the PCE value. To 
the big vehicles, the PCE for through big vehicle is 1.77 which is smaller than the one for the right-turn big vehicles. 
So, it had better for different movements (through, left-turn and right-turn) use different PCE to quantify the effect 
of vehicle types on the capacity of signalized intersections. The suggested values of PCE for different movements 
are presented in table 5.  
Table 5 Suggested PCE at signalized intersections
Vehicle type PCE for through vehicles PCE for left-turn vehicles PCE for right-turn vehicles 
Small 1.00 1.00 1.00 
Median 1.25 1.33 1.43 
Big 1.77 1.82 2.01 
Motorcycle 0.58 - - 
5. Effect of geometric conditions on the saturation flow rates 
5.1 The effect of lane width on saturation flow rates 
Among the geometric conditions, the width of the lane has an effect on the capacity of the signalized 
intersections. In order to analyze the influence of width on the capacity, the nonlinear model is considered: 
ε+××= owb ffSS ˄4˅
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Where, S =saturation flow rate, passenger car/h/lane; 
bS =base saturation flow rate, 1800=bS  passenger car/h/lane; 
wf =adjustment factor for lane width. 
awfw /)50.3(1 −+=            (5) 
 Where, w =width of the lane, m; 
a =parameter; 
of =adjustment factor for other factors; 
ε =random error. 
For simplification, the field data were selected and only the observed values which meet the base conditions 
(except width of lane) are used to fit the model. On these conditions, the adjustment factor of is 1.0 and only the 
parameter a  is unknown in model (5). Using nonlinear least square (NLS) method, the parameter a  is estimated 
and the saturation flow rate adjustment factor for lane width (the surveyed lane width is between 
m80.2 and m90.3 ) is:  
56.6/)50.3(1 −+= wfw ˈ mwm 90.380.2 ≤≤ ˄6˅
5.2 The effect of lane approach grade on saturation flow rates 
In the HCM (13), the approach grade is taken as one of significant influence factors on the capacity. In this study, 
the analysis result showed that when the approach grade is more than 2%, the saturation flow rate will increase with 
the increase of grade. In order to determine the degree of the grade effect and eliminate other factors influence, the 
signalized intersections with the same number of lanes whereas with different approach grade were chosen and the 
lanes at the same location were taken as the study object. The linear regression model is developed as:  
7.1787068.17 +−= GS , 0.8%0.8 ≤≤− G ˄7˅
Where, S =saturation flow rate, passenger car/h/lane; 
G =approach grade, % . 





GSS b −×= ˄8˅




Gfg −= , 0.8%0.8 ≤≤− G ˄9˅
6. Saturation flow rate for exclusive left-turn lanes 
6.1 Effect of Lane Width and turn-radius on saturation flow rates 
Different from the through movement, the left-turn movement is not only affected by the lane width, it is also 
affected by turn radius (11, 15). Empirical studies have shown that the wider lane wider lane can provide more space 
for the turn behavior. For the exclusive lane, it is wisdom to take the lane width and turn radius together to analyze 
the effect on the saturation flow rates. 
By using the using PLS (partial least-square method) method, the left-turn saturation flow rates model on the 
exclusive lane was built: 
rwSL 3.112.1364.815 ++=      mwm 0.47.2 ≤≤ ˈ mrm 4820 ≤≤ ˄10˅
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Where, LS =saturation flow rate for exclusive left-turn lane, passenger car/h/lane; 
w =width of exclusive left-turn lane the lane, m; 
r =left-turn radius for the left movement vehicles, m; 
Based on the equation (10), the saturation flow rates for different lane width and turn radius can be estimated. 
The table 6 listed the result. It is found that with the increase of the lane width, the saturation flow rate increases too. 
The same conclusion can be extended to the turn-radius. It also can be found that when the lane width is standard 
value (3.50m) and the turn radius is more than 45m for the left-turn lane, the saturation flow rate is nearly 
1800PC/h/lane which is equal to the base saturation for the through lane. So, lane width is 3.50m and turn radius is 
more than 45m are taken as the base geometrical condition for exclusive left-turn lane. And that the base saturation 
flow rate is 1800PC/h/lane. In order to estimate the left-turn saturation flow rate for given lane width and turn 
radius, the adjusted factor wlf  for left-turn is given by equation (11) and the value are listed in table 7. 
  
1800/Lwl Sf =          㧔11㧕
Where, wlf = the adjusted factor for exclusive left-turn lane;
LS =saturation flow rate for exclusive left-turn lane, passenger car/h/lane.  
Table 6 Saturation flow rates for left-turn lanes
Lane width 
(m) 
Saturation flow rates ( PC/h/lane) 
Turn radius˄m˅
20.0 25.0 30.0 35.0 40.0 45.0 ≥ 50.0 
2.70 1410 1470 1520 1580 1580 1580 1580 
2.80 1420 1480 1540 1590 1610 1610 1610 
2.90 1440 1490 1550 1610 1640 1640 1640 
3.00 1450 1510 1560 1620 1660 1660 1660 
3.10 1460 1520 1580 1633 1690 1690 1690 
3.20 1480 1530 1590 1647 1700 1700 1700 
3.30 1490 1550 1600 1660 1720 1750 1750 
3.40 1500 1560 1620 1670 1730 1770 1770 
3.50 1520 1580 1630 1690 1740 1800 1800 
3.60 1530 1590 1650 1700 1760 1810 1810 
3.70 1550 1600 1660 1720 1770 1830 1860 
3.80 1560 1620 1670 1730 1790 1840 1880 
3.90 1570 1630 1690 1740 1800 1860 1910 
4.00 1590 1640 1700 1760 1810 1870 1940 
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Table 7 adjusted factor for left-turn lanes
Lane width 
(m) 
adjustment factor for left-turn 
Turn radius˄m˅
20 25 30 35 40 45 50≥
2.70 0.78 0.82 0.84 0.88 0.88 0.88 0.88 
2.80 0.79 0.82 0.86 0.88 0.89 0.89 0.89 
2.90 0.80 0.83 0.86 0.89 0.91 0.91 0.91 
3.00 0.81 0.84 0.87 0.90 0.92 0.92 0.92 
3.10 0.81 0.84 0.88 0.91 0.94 0.94 0.94 
3.20 0.82 0.85 0.88 0.92 0.94 0.94 0.94 
3.30 0.83 0.86 0.89 0.92 0.96 0.97 0.97 
3.40 0.83 0.87 0.90 0.93 0.96 0.98 0.98 
3.50 0.84 0.88 0.91 0.94 0.97 1.00 1.00 
3.60 0.85 0.88 0.92 0.94 0.98 1.01 1.01 
3.70 0.86 0.89 0.92 0.96 0.98 1.02 1.03 
3.80 0.87 0.90 0.93 0.96 0.99 1.02 1.04 
3.90 0.87 0.91 0.94 0.97 1.00 1.03 1.06 
4.00 0.88 0.91 0.94 0.98 1.01 1.04 1.08 
6.2 Dual exclusive left-turn flow rates at signalized intersections 
For the dual exclusive left lanes, it was observed that the there is significant difference between outer side lane 
and inside lane. Courage K., Stephens etc. (3) found that saturation flow rates for both dual left lanes is about 180% 
of one single left lane. Kagolanu and Szplett (8) concluded that the saturation headways are significantly different 
between the inside lane and outside lane. They noted that the saturation flow rates for the out side lane and inside 
lane are 46% and 54% of the both lanes saturation flow rate respectively. In these studies, one important finding is 
that there is interaction between outside lane and inside lane. So, the operation of both outside land and inside lane is 
not same as one single left-turn lane. In this study, the difference between dual left-turn lane and single left-turn lane 
is also studied, table 8 listed the result. It is found that the ratios of saturation flow rates for both dual left lanes to 
one single left lane are different from site to site and varied greatly. It is also found that, with the increase of the left-
turn radius, the saturation flow rates for both outside and inside left-turn lanes are increased, but for single inside 
lane or outside lane, the relationship is not significant. Referring to the finding of Robert H. Wortman, and Peter A. 
mayer (7), the following model is used to fit the relationship of saturation flow rates for both outside lane and inside 
lane with left-turn radius: 
)r/51/(3600S += ˄12˅
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Where, S = is the saturation flow rate for both outside land and inside lane; r = the left-turn radius, m. 
In this study, the data observed at 10 signalized intersections with dual left-turn lanes were used to fit the model 
(12) and the fitting result was listed in table 8. It is shown from the relative error that the model can be used to 
estimate the saturation flow rate for dual left-turn lanes. 






rate for both lanes 
(pcu/h)  
Saturation flow rate for single 
lane (pcu/h) 
Ratio of both dual left lanes 
saturation flow rate to one 
single left lane flow rate 
I 2.9 3303 1615 2.05 
J 2.9 3032 1613 1.88 
K 3.0 3318 1628 2.04 
L 3.3 3289 1697 1.94 
L 3.0 2999 1628 1.79 
M 3.0 3155 1628 1.88 
Average - 3182 1652 1.93 
Table 9 Comparison of the observed saturation flow rates with the estimated values 
Turn radius 
(m) 
Saturation flow rate for both lanes 
(pcu/h) 
Estimated saturation flow rates for both lanes 
˄pcu/h˅
Relative error  
27 2999 3037 1.28% 
39 3289 3191 -2.98% 
45 3303 3240 -1.91% 
48 3032 3260 7.53% 
50 3318 3273 -1.36% 
60 3155 3323 5.33% 
7. Summary and conclusions 
This paper studies the saturation flow rate at signalized intersections and some influence of factors. Referring to 
the methodology of Highway Capacity Manual, the saturation flow rate estimate model was developed based on the 
field data collected in China. Du to the complexity of influence factors, only parts of them are analyzed such as 
traffic composition, lane width, approach grade, and left-turn radius. On the basis of ideal condition, the base 
saturation flow rate and adjustment factors are reached. The study obtained the following conclusions:
The Base conditions at the signalized intersections are suggested for the through lanes and exclusive left-turn lane 
respectively and the base saturation flow rates also are suggested. The base saturation flow rate is 1800PC per hour 
per lane and this is not consistent with the HCM (13).  
The vehicle type has an effect on the saturation flow rates and for different movements the effect degree is not the 
same. Previously studies seldom took the movement effect into account in computing PCE. In practice, the through 
movement and left-turn movement often were divided into different lane group and saturation flow rates were 
estimated respectively. So it is possible to use different PCE for different movement in order to improve the 
precision of the model. 
 Lane width, approach grade affect the saturation flow rates. However, the adjustment factors developed in this 
study is not the same as the one given by the HCM (13). The reason could be due to the fact that the standard lane 
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width is 3.5 m, which is not consistent with the HCM (13), There are still other factor such as bus stop, passenger, 
bicycle should be studied. 
For exclusive lane, the lane width and turn-radius have an effect on the operation of the signalized intersection. 
The result obtained in this study showed that with the radius increase, the saturation flow rate become more close to 
the base value. In addition, the lane number also has effect on the saturation. So, it is suggested that the exclusive 
left-turn should be studied separately.  
Although, only parts of the influence factors are studied in this paper, but it is showed that maybe due to the 
difference of cultures and driving behavior, the results obtained is not identical with the HCM (13). Hence, the 
investigation in more detail should be conducted based on the data collected in China. 
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